rii!::  {:;Ll:;CTRC)S"rATIC  PRECIF^ITATION 


r=  SOAPS  PROA  OILS 


668.1 


G.  A.  DOWSE 
/A,  O.  f3RUECK.NEK 


AR,/n.OUR   INSTrnrrF:   of    ITrCMNOLOGY 


1  9  2  1 


■<t'^ 

\  ■-'■'- 
■■■;\    ■  . 

UNIV....... 


AT  576 

Dowse,  G.  M. 
The  electrostatic 
precipitation  of  soaps  from 


Digitized  by  the  Internet  Archive 

in  2009  with  funding  from 

CARL!:  Consortium  of  Academic  and  Research  Libraries  in  Illinois 


http://www.archive.org/details/electrostaticpreOOdows 


The  Electrostatic  Precipitation 
OF  Soaps  from  Oils 


A  THESIS 


PRESENTED   BY 

G.  M.  Dowse  and  M.  O.  Brueckner 

TO  THE 

PRESIDENT  AND  FACULTY 
OF 

ARMOUR  INSTITUTE  OF  TECHNOLOGY 

FOR  THE  DEGREE  OF 

BACHELOR  OF  SCIENCE 

IN 
CHEMICAL  ENGINEERING 


MAY  31,    1921 


APPROVED 


ILLINOfS  INSTITUTE  OF  TECHNOLOGY 
PALf^L.  V.  GALVIN  LIBRARY 
35  WEST  33RD  STREET 
CHICAGO,  IL  60616 


Profcsjenrf  Chemical  Engineering 


^jWm\A 


;>^ 


Dean  of  Cultural  Studies 


ACKROWLB  DGElffiE  T . 
The  writers  gratefully  acknowledge  their 
indebtedness  to  Professor  Harry  MoCormack:, 
rrofessor  of  Chemical  Engineering,  Armour 
Institute  of  Technology,  for  his  constructive 
criticisms  and  valuable  advice,  given  during 
the  preparation  of  this  treatise. 


-29830 


' » 


TABLE  OF  COITSUTb. 

Table  of  contents Page  1 

List  of  SK-etchee  Page  2 

Introduction  Page  3 

The  problem  in  refining  raw 

Cotton-Seed'  oil  Page  4. 

Variations  of  oonditiona  in 

refining  raw  Gctton-^Seed  oil Page  7. 

Conclusions  drawn  from  the  results 

obtained  in  refining  oil  Page  10. 

Electrostatic  precipitation  Page  14. 

Effects  of  different  voltages 

upon  soap  stock  in  the  cell  Page  20. 

Conclusion  Page  22 

References  Page  22, 

Bibliography  Page  24 . 


. 


-1- 


LIST  OF  SEETCHBS. 

Oil  refining  apparatus Fig.l. 

Types  of  cells  used  for 

Electrc3tatic  Precipitation Fig. 2  &  3, 

Wiring  diagram  for  Rotary  Converter 

and  Tranaformer Fig. 4. 


-2- 


IHiii  ELECTROSTATIC  PRBCIPIIATIOK  OF 
SOAi-S  FROM  OILS. 

This  treatise  deals  primarily  with 
the  work  done  to  deviee  some  means  of 
precipitating  a  solid  in  a  liquid  "by 
electrostatic  methods.  The  application 
of  such  a  scheme  to  tte    industries 
would  be  applicable  in  precipitating 
fche  soap  formed  during  the  refining  of 
nearly  all  the  edible  oils,  thereby  elim~ 
inating  e   filtration  operation  which  is  now 
necessary  to  remove  the  soap  stock  formed 
upon  the  addition  cf  the  caustic  Soda 
in  the  preliminary  refining  operation. 
Filer-pressing  the  refined  oil  to  removo 
the  soap  stock  is  a  comparatively  slow 
process  and  the  work  wnich  v/as  carried 
out  in  the  preparation  of  this  paper  was 
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done  to  try  and  find  some  scheme  featuring 

continuong,  economical  and  rapid  removal 

of  the  solid  .natter  formed  in  the  oil 

daring  the  refining  period. 

A  secondary  considGrcitio.ii  v.as  made 

with 'leference  to  the  refining  of  the 

i&rticular  oil  used.  Haw  Cotton-Seed 

oil  vas  used  for  all  the  experiments, 

the  refining  being  conducted  in  connection 

with  tha  other  vi/ork.  An  attempt  was  made 

to  determine  what  effects  temperature, 

weight  of  caustic  boda  used,  and  the 

etrength  of  the  caustic  Sods  solution 

had  upon  the  nature  of  the  precipitated 

soap  and  the  time  required  for  complete 

precipitation  of  the  soap  stock  formed. 

Ho  attempt  was  ittcLa  to  determine  the 

refining  lC::.;33S  or  to  determine  the 

effect  of  the  above  variations  upon  the 

refining  losses. 
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kn   analysis  Vifas  made  of  the  raw  oil 
to  determine  the  percentage  of  free  fatty 
acid  preseiit.  The  method  of  analysis  used 
was  e.a   found  in  Sherman's  Organic  tmalysia. 
Chapter  Vlll,  iage  147.  I'rox   the  inlor- 
mation  thus  obtained,  the  approximate 
weight  of  caustic  Soda  '.'.as  calculated 
vmich  would  neutrd-liae  the  free  fatty 
acids  in  the  oil,  and  sfter  knowing  this, 
a  series  oi  run^  were  made  with  varied 
conditions  as  to  wei|;lit  of  caustic 
Soda  used,  aoove  or  below  the  calculated 
amount,  time  of  run,  temperature  of  the 
oil  at  different  periods  and  strength 
of  the  caustic  Soda  solution  when  added 
to  the  oil.  The  first  trials  were  made 
with  a  10  degree  Bauiue'  solution  of 
caustic  Soda,  the  amount  used  being  varied 
and  also  the  temperatures  at  different  parts 
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of  the  process  being  varied.  Solutions 
of  14,16  and  20  degrees  Baume '  were 
used  in  the   asL-e   jianner  under  similiar 
conditions  as  for  ine  first  trials.  The 
naoure  of  the  precipitated  soap  stock 
was  noted  in  each  case  and  also  the  rapid- 
ity with  which  it  settled  and  whether  or 
not  it  was  firm  and  coherent. 

'x'ne  amounts  of  oil  and  Caustic  Soda 
used,  fche  conditions  under  which  the  urial 
was  made  and  the  ohservations  made  are  re- 
corded later.  The  deductions  made  from  the 
results  obtained  by  applying  the  vt^-riations 
noted  in  a  preceding  paragraph  are  also 
given.   The  form  of  apparatus  used  for  re- 
fining the  oil  is  shown  in  Figure  1. 

In  the  titration  for  free  fatty  acids, 
0.01509  grams  of  HaOH  v?ere  used  for  4.6571 
grams  of  oil,  or  1  gram  of  oil  requires 
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0.0028  grams  KaQH  to  neutralize   the    free 
acid.    I'he   Specific   Gravity   of  the    oil 
was   0.92   and  500  cc  were   used  in  each  trial. 
The   theoretical  amount   of  ITaOH  required 
for   500  cc   of   oil  would  he    1.288   grams,    but 
this   amount  waa   varied  as   shown   in  the 
following  data. 

VAElATlOUo  OF  GC^^DITIOUS   IE  REFIiaUG 
THE   RAV?  GOTTOU-SEii;]}  OIL. 

SAiVlPLE   #1. 

Weight  of  oil  used 460  grams. 

Strength  of  caustic  10  degrees  Baume ' 

Voliiine  of  caustic  used SO  cc. 

Conditions  under  which  run  was  made; 

The  UaOH  was  added  when  the  temper- 
ature of  the  oil  was  25  degrees  C.  After 
the  UaOH  was  added,  the  oil  and  caustic  were 
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agitated  for  twenty  minute  a.  Ihe  temperature 
was  gradually  raised  so  that  in  about  fifteen 
minutea  the  temperature  was  45  degrees  C. 
The  oil  was  kept  at  this  temperature  for  two 
hours  and  then  cooled  to  room  temperature. 

The  soap  stock  formed  was  firm  and 
coherent  and  settled  rather  rapidly  and 
left  a  clear  oil.  The  color  of  the  oil  was 
fairly  good. 

SAl!/:PLE  #2. 

Weight  of  oil  used 460  grams. 

Strength  of  caustic  used —  10  degrees  Baume ' . 

Volume  of  caustic  used  20  cc. 

The  conditions  under  which  the  run  v/as  made 
were  the  same  as  for  sample  f-1* 

The  soap  stock  formed  was  not  as  firm 
as  in  the  first  trial  and  did  not  seem  to 
settle  rapidly.  The  color  of  the  oil 
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was  not  as  good  as  in  the  previous  run. 


SAMPLE  #3. 

Weight  of  oil  used 460  graiiia. 

Strength  of  caustic  used  -  10  degrees  Baume ' . 

Volume  of  caustic  used  30  cc. 

Conditions  under  which  the  run  was  made; 

The  caustic  solution  was  added  at 
25  degrees  C.  This  temperature  was  maintained 
throughout  the  entire  run. 

The  soap  stock  formed  seemed  to  settle 
rapidly  and  the  color  of  the  oil  seemed  to 
be  better  than  in  previous  trials. 


SMIPIE  #4. 

Yyeight  of  oil  used 460  grams. 

Strength  of  caustic  u£.3d  — 10  degrees  Baume'. 
Volume  of  caustic  used  30  cc. 
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Conditione  under  which  the  run  was  made; 

The  caustic  solution  was  added  when  the 
temperature  of  the  oil  was  E5  degrees  C.  The 
oil  was  agitated  for  twenty  minutes  at  this 
temperature  and  then  heated  slowly  to  70  degrees 
and  held  there  for  two  hours. 

The  refined  oil  seemed  to  be  cloudy  and 
from  appearances,  it  seemed  that  some  of  the 
oil  had  been  saponified  by  the  caustic. 

From  the  above  data, it  seemed  that  the 
best  colored  oil  was  obtained  when  using  about 
20  cc.,of  a  10  degree  Baume '  solution  of 
caustic  boda.  The  following  data  was  obtain- 
ed by  using  the  weight  of  laOH  in  30  cc,  of 
a  10  degree  Baume'  solution  of  iTaOH  or  about 
1.9  7  grams  ITaOH.  The  caustic  was  added  to  the 
oil  in  solutions  on  diflerent  strengths,  namely, 
14,  16  and  £0  degrees  Baume'.  The  nature  of  the 
precipitated  soap  stock  was  observed  and  also  the 

-10- 


color  of  the  oil  obtained  in  each  case. 


SAilPLE  #5. 

Weight  of  oil  used 460  grams. 

Strength  of  caustic  used  —  14  degrees  Baume'. 

Volume  of  caustic  used  20.7  cc. 

Conditions  under  which  run  was  made; 

The  caustic  solution  was  added  to  the 
oil  when  at  a  temperature  of  25  degrees  0. 
The  two  were  agitated  for  about  twenty  minutes 
and  then  heated  slowly  to  45-47  degrees  C, 
and  held  at  this  temperature  for  two  hours. 


SAICPUS  ire. 

Weight  of  oil  used 460  grams. 

Strength  of  caustic  used  —  16  degrees  Baume' 

Volume  of  caustic  used  17.8  cc. 

The  conditions  under  which  the  run 
was  made  were  the  same  as  for  Sample  #5. 
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SAMP  LB  #7. 

Weight  of  oil  used 460  grams. 

Strength  of  caustic  used  --20  degreea  Baume ' . 

VolUiiie  of  caustic  used 13.7  cc. 

The  conditions  under  v/hich  this  trial 
was  made  were  the  same  as  for  Sample  -^5. 

The  precipitate  in  each  of  the  ahove 
three  trials  v/as  firm  and  settled  rapidly.  The 
indications  were  that  the  stronger  solution 
of  caustic  gave  a  firmer  and  more  coherent 
soap  stock. 

Prom  the  results  of  the  trials  which  were 
made,  it  aeems  tnat  when  a  lov\;  temperature 
is  used  in  refining  the  oil,  the  soap  stock 
produced  was  firm  and  settled  rapidly,  leaving 
a  clear  oil.  Lower  refining  temperatures  tend  to 
produce  and  oil  of  better  color.  The  color  was 
also  better  when  a  greater  amount  of  caustic, 
than  the  calculated  amount  was  used.  The  color 
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appeared  better  when  stronger  solutions  of 
caustic  v^ere  used.  V^/lien  dilute  solutions  of 
caustic  were  used,  an  emulsion  seemed  to  form 
whichwould  probably  be  difficult  to  remove. 

The  effect  of  high  temperatures  was 
to  saponify  some  of  the  oil,  giving  a  soap 
stock  which  settled  from  the  oil  very 
slowly.  The  limiting  temperature  whiah  gave 
a  firm  soap  stock  in  the  trials  made, 
was  from  40-47  degrees  Centigrade.  This 
temperature  may  vary  with  oils  with  different 
percentages  of  free  latty  acid,  but  in  the 
worK.  done  here  only  one  oil  was  available 
and  the  results  obtained  and  conclusions  drawn 
are  for  that  paarticular  oil. 
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ELECTROSTATIC  PRECIPITATION. 

The  firat  cell  used,  in  attempting 
to  solve  the  problem  of  precipitating  the 
soap  stock  from  the  oil  electrostatically, 
was  made  of  a  glass  cylinder  ten  centimeters 
inside  diameter  and  twenty-eight  centimeters 
high.  One  electrode  was  a  spiral  of  one-eighth 
inch  iron  wire,  wound  to  fit  just  inside 
the  glass  cylinder.  The  other  electrode  was 
a  straight  piece  of  one-eighth  inch  iron 
wire,  extending  down  through  the  center  of  the 
cylinder,  at  equal  distance  from  the  spiral 
electrode  at  all  points.  The  two  electrodes 
were  connected  across  the  source  of  current 
when  making  the  experiments. 

The  apparatus  used  to  give  the  difference 
of  potential  across  the  elctrodes  consisted  of  a 
Rotary-Converter,  vv'hich  changed  the  available 
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110  volt  direct  current  to  about  105  volts 
alternating  current,  a  wireless  transfcrar^er 
which  changed  the  105  volts  from  the  converter 
to  approximately  10,000  volts  alternating  current, 
a  kick  hack  preventer  and  a  starting  box  tor 
the  Kotary-Converter.  The  v/iring  diagram  is 
shown  in  Figure  4. 

The  two  electrodes,  of  the  cell,  vi/ere 
connected  across  the  terminals  of  the  trans- 
former to  operate  it.  An  attempt,  to  pre- 
cipitate the  soap  stock  from  the  oil,  was 
made  by  filling  the  glass  jar  v/ith  freshly 
refined  oil  before  any  of  the  soap  stock 
had  settled  and  then  passing  the  current 
through  the  oil.  Observations  showed  that  the 
current  had  no  effect  upon  the  soap  stock 
in  the  oil  and  there  was  no  movement  of  the 
soap  stock  particles.  Different  voltages 
were  obtained  by  regulating  the  adjustable 
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shunt  on  the   transformer  but  none  of  them 
had  any  effect  upon  the  soap  stock.  The 
center  electrode  v;as  moved  close  to  the 
spiral  electrode,  j'ust  heyond  sparking 
distance  "but  no  change  was  noticed  in  the  oil, 
The  straight  wire  electrode  was  then  moved 
within  sparking  distance  of  the  spiral  and 
the  only  change  noticed  was  the  e /olution 
of  a  gas  from  the  oil. 

The  evolution  of  the  gas  was  probably 
caused  "by  a  decomposition  of  the  caustic 
solution  used  in  the  refining.  It  could  be 
stopped  by  decreasing  the  voltage  through 
the  oil.  Suitable  apparatus  to  determine  at 
what  voltage  this  decomposition  took  place 
was  not  available  so  the  exact  voltage  at 
which  decomposition  took  place  could  not 
"be  determined. 

-16- 


An  in(^^.iction  coil  v/aa  now  used  in  place 
of  the  tranv^ former.  The  current  for  the  coil 
was  oLtained  from  a  battery  of  storage  cells 
so  arranged  that  they  could  be  connected  in 
any  combination  of  series  or  parallel.  The  cell 
described  above  was  used  with  the  coil  and  from 
observations,  when  the  electrodes  were  close 
together,  it  seemed  that  they  were  affected  by 
the  current  passing  through  the  cell.  A 
difficulty  seemed  to  arise  from  the  fact 
that  the  cell  used  was  too  large  for  tha 
voltage  obtained  from  the  induction  coil. 
A  new  cell  was  made  up  of  a  snrller 
dimexicion  so  that  all  parts  of  the  oil 
would  be  v.ithin  che   electrostatic  field. 

The  new  cell  used  was  made  of  a  side- 
necked  test  tube,  two  centiineters  in  diameter 
and  sixteen  centimeters  long.  One 
electrode  was  a  spiral  of  light  iron  wire 
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fitted  to  the  inside  of  the  tube.  The  second 
electrode  was  a  straight  piece  of  iron 
vvire  passing  down  through  the  center  of  the 
tube  cover  and  spirt  1  wire.  The  purpose  in 
using  this  form  of  tube  was  to  overcome 
sparking  between  the  electrodes  along  the  part 
which  was  not  covered  with  oil.  With  an  ordinary 
tube,  sparking  occurred  above  the  oil  and 
thifc  was  overcome  by  passing  one  electrode 
through  the  side  o^jening  in  the  tube  and 
keeping  the  oil  level  above  this  opening. 

the  freshly  refined  oil  was  poured 
into  the  tube  to  a  level  above  the  place 
where  the  spiral  wire  passed  from  the  tube. 
I!he  electrodes  were  connected  across  the 
secondary  of  the  induction  coil  and  the  current 
was  passed  and  the  results  were  noted.  Var- 
iations of  voltage  were  obtained  by  arrang-- 
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ing  the  cells  in  different  combinations  of 
£eriea  and  parallel.  The   effects  of  each  trial 
wera  noted  and  the  results  recorded. 

An  interesting  fact  was  observed  in 
the  case  of  both  cells.  When  the  freshly 
refined  oil  was  poured  into  the  cells,  be- 
fore the  soap  stock  had  tiuie  to  settle  out, 
and  the  current  was  passed,  the  effect  upon 
the  transformer  and  induction  coil  was 
similiar  to  that  of  a  short  circuit.  After 
the  soap  stock  began  to  settle  out  and  become 
less  dense  between  the  electrodes,  a  sparking 
occurred  between  the  soap  stock  particles 
and  the  electrodes  and  the  short  circuit  ap- 
peared to  be  broken.  The  conclusion  drawn 
was  that  the  soap  stock  must  be  a  conductor 
of  electricity  and  capable  of  bearing  an 
electrostatic  charge. 
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The  small  cell  was  used  for  all  the 
remaining  trials  and  the  results  obtained 
are  recorded  later. 

EFFECTS  OF  riFFSEiiET  VOLTAGES 
UPOSI  THE  SOAP  STOCK  II  Tlffi  Oil. 

When  single  cells,  in  any  number,  were 
used,  connected  in  parallel,  the  soap  stock 
was  not  affected  in  any  manner.  Ueing  the  cells 
in  this  manner  gave  approximately  two 
volts  across  the  primary  of  the  coil 
and  an  amperage  dependant  upon  the  number 
of  cells  used  in  parallel. 

Two  cells  were  connected  in  series 
and  the  discharge  obtained  across  the 
secondary  was  estimated  at  about  8,000 
volts  from  the  length  of  the  discharge 
between  point  electrodes  through  air. 
When  the  current  v/as  passed  through  the 
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cell,  the  soap  particles  seemed  to  con- 
centrate around  the  electrodes  and  appeared 
more  dense  near  the  wire ,  the  numher 
decreasing  as  the  distance  from  the  wire 
became  greater.  The  effect  was  similiar 
to  that  of  iron  filings  when  brought  into 
a  magnetic  field.  If  the  current  were 
stopped  for  a  few  minutes,  the  soap  stock 
particles  started  to  settle  to  the  bottom 
and  when  the  current  would  again  be  passed 
they  vifould  concentrate  around  the  electrodes. 
The  soap  stock  v/hich  was  suspended  between 
the  two  electrodes,  appeared  to  move  back  and 
forth  for  a  small  distance  but  would  not 
move  completly  to  one  electrode  or  the 
other. 

Y/hen  three  cells  were  used  in  series, 
the  behavior  of  the  soap  stock  was  the  same 
as  when  two  cells  were  used.  When  four  cells 
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were  used  in  series,  gas  bubbles  were  formed, 
showing  that  decompsition  of  the  water  took 
place.  The  soap  f-tock  was  affected  Bome    in 
eacli  case  but  a  complete  precii-itation  was 
not  accomplished.  The  voltage  could  not  be 
increased  any  more  because  the  discharge  was 
too  great  for  the  cell  used. 

C0ITCLU5I0I. 

From  the  results  of  the  experiments 
conducted,  it  seems  likely  that  soap  stock 
formed  in  an  oil  during  the  refining  operation 
may  be  precipitated  electrostatically  in 
a  prcperaly  desighned  cell  and  with  current 
within  certain  limits  of  voltage.  The  results 
obtained  under  certain  conditions  seemed 
to  indicate  that  a  precipitation  occurred 
and  further  study  in  to  the  problem  might 
aid  in  solving  the  problem. 
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